Leukaemia and lymphoma constitute nearly 40% of all pediatric malignancies [1] . In the past, central nervous system (CNS) complications of childhood leukaemia and lymphoma were rare because of the rapid fatality of the disease. Recent imaging modalities and treatment procedures such as aggressive chemotherapy, bone marrow transplantation, intrathecal treatment, and cranial irradiation have improved the prognosis, but frequency of the neurologic complications has also increased [2] . In conclusion, the wide spectrum of CNS abnormalities that occur during and after treatment for leukaemia is related to the disease itself and to the treatment. The purpose of this study was to present the main imaging features of CNS complications of childhood leukaemia and lymphoma related to the primary disease and developed through the treatments. The imaging findings of neurologic complications in pediatric patients with leukaemia and lymphoma were retrospectively reviewed and then they were correlated with medical records or histopathological diagnoses. The neuroimaging features have been classified into 3 main categories [3] . 
A) Complications of primary disease

Complications of Primary Disease
Complications of CNS Involvement
Leptomeningeal involvement may cause communicating hydrocephalus with obstruction of the cerebrospinal fluid (CSF) pathway. Magnetic resonance imaging (MRI) findings are defined as diffuse or focal abnormal contrast enhancement of the meninges, ependyma, tentorium, basal cisterns, and sulci (Figure 1 ). Leukaemia and lymphoma may involve intraocular and extraocular orbital soft tissues and lead to ophthalmic complications ( Figure 2 ) [3, 4] . Leptomeningeal and orbital involvements may be treated with intrathecal chemotherapy and then radiation therapy.
Cerebrovascular Complications
Hemorrhage
Hemorrhage occurs mostly in acute leukaemia. Abnormalities of coagulation factors, thrombocytopenia, disseminated intravascular coagulation, and blastic crisis with vascular damage may lead to the bleeding. Multiple small hemorrhages may be seen in the subcortical white matter. Subdural and subarachnoid extra axial hemorrhage are less common ( Figure 3 ) [5] . Supportive treatment is recommended to improve the bleeding diathesis.
Cerebral infarction
Cerebral infarction is less common than hemorrhage and mainly occurs due to dural venous thrombosis. Leukostasis, hypercoagulability, radiation-induced vascular damage with thrombosis, and chemotherapeutic agents such as L-asparaginase may cause infarction ( Figure 4 ) [6] . Antiaggregant and anticoagulant therapies can be administered to resolve the cerebral infarction.
Complications of Treatments
Complications of Radiation Therapy
White matter disease
Involvement of white matter due to the radiation therapy can be divided into 3 categories; acute injury (1e6 weeks after radiotherapy), early delayed injury (3 weeks to a few months after irradiation), and late delayed injury (months to years after radiotherapy). In acute injury, increased capillary permeability and vasodilatation lead to vasogenic oedema. Acute lesions are usually reversible and appear as periventricular white matter oedema on MRI. Early delayed injury include vasogenic oedema and demyelination. In late delayed injury, demyelination, vasculopathy, and white matter necrosis are determined. Delayed effects generally cause irreversible white matter infarction and neurological symptoms. Necrotizing diffuse leukoencephalopathy is the most severe form seen after combined chemoradiotherapy that reveals fast and progressive neurological deterioration. Wide areas of white matter necrosis with prominent contrast enhancement are defined on MRI ( Figure 5 ) [3, 7] . Supportive treatments such as vitamin B12 therapy and physiotherapy may be applied to relieve the neurologic abnormalities.
Radiation-induced cryptic vascular malformations
Cryptic vascular malformations are the capillary telangiectases that occur due to the affected venular endothelium. The lesions may be multiple and show calcifications on computed tomography. Hemorrhagic and heterogeneous signal intensities similar to cavernous angiomas may be seen on MRI ( Figure 6 ). The patients are usually asymptomatic but some patients may have headaches and seizures [8] . Surgical removal is required only in cases of symptomatic hemorrhage.
Complications of Chemotherapy and Bone Marrow Transplantation
Dural venous thrombosis
Chemotherapeutic agents like L-asparaginase and vincristine may develop dural venous occlusion and infarcts. Sinus thrombosis appears as abnormal hyperdense sinus on precontrast computed tomography and central hypodensity in the affected sinus (empty delta sign) on postcontrast computed tomography. Gradient-echo MRI 
Posterior reversible leukoencephalopathy syndrome
Posterior reversible leukoencephalopathy syndrome is associated with many chemotherapeutic agents such as cyclosporine, methotrexate, and corticosteroids. It may cause reversible neurologic manifestations such as headache, nausea, vomiting, seizures, visual changes, confusion, coma, and permanent arterial hypertension. MRI reveals cortical and subcortical oedema mostly in the posterior temporal, parietal and occipital lobes without restriction of diffusion ( Figure 8 ). Severe forms may involve the basal ganglia, brainstem, and cerebellar hemispheres [10] .
Control of blood pressure and withdrawal of corticosteroids usually result in complete recovery of the neurologic findings.
Anterior lumbosacral radiculopathy
Intrathecal methotrexate administration may lead to anterior lumbosacral radiculopathy with progressive flaccid weakness of the lower extremities by direct toxicity on the spinal cord. MRI reveals abnormal contrast enhancement of the anterior lumbosacral nerve roots (Figure 9 ) [11] . Supportive treatments may be administered to relieve the neurologic findings.
Intracranial hypertension
Intracranial hypertension (pseudotumour cerebri) is known as increased intracranial pressure without obstruction of the CSF pathways or ventricular dilatation. Busulfan, Figure 6 . Radiation-induced cryptic vascular malformation in a 12-year-old boy with headaches who was treated with cranial irradiation for acute lymphoblastic leukaemia. Axial T1-weighted (A) and sagittal contrast-enhanced T1-weighted magnetic resonance image (B) demonstrate a hyperintense hemorrhagic lesion in the left cerebellar hemisphere (arrows). cyclophosphamid, etoposide, and intrathecal methotrexate are considered responsible in the development of intracranial hypertension. This entity leads to headache, papilloedema, and visual problems with oedema of the optic nerves. The imaging findings consist of flattening of the posterior sclera, enlargement of the perioptic subarachnoid space, empty sella, and dilation of the superior ophtalmic veins ( Figure 10 ) [12] . Intracranial hypertension is treated by reducing the intracranial pressure and repeated lumbar punctures for CSF drainage.
Infectious Complications
Aspergillus Aspergillus spreads to the CNS hematogenously, most commonly from the lung. Cerebral invasive aspergillosis leads to acute cerebral infarction or hemorrhage by causing infectious vasculopathy ( Figure 11 ) or cause infectious cerebritis by direct extension [13] .
Mucormycosis
Mucormycosis may appear as rhinorrhea or facial pain and rapidly progresses to rhinocerebral syndrome with involving the CNS through the cribriform plate ( Figure 12 ) [7] .
Candidiasis
Candidiasis manifests as numerous small ring-enhancing abscesses in the cerebrum, cerebellum and basal ganglia ( Figure 13 ). Candida may also cause vasculitis, hemorrhage, thrombosis, and mycotic aneurysms by involving the vessels [14] . Aspergillus, mucormycosis, and Candida are all treated with antifungal therapies.
Conclusion
CNS complications of the childhood leukaemia and lymphoma are related to the primary disease or to the various treatments. Because many neurologic complications are treatable, early diagnosis is essential. MRI provides immediate diagnosis, which is necessary for appropriate therapy and increased overall survival.
